Background. This study examined risk factors for dysphagia, a common and serious condition in patients with head and neck cancer, and the association between severity of dysphagia and survival.
Dysphagia is a common and potentially life-threatening occurrence in patients with head and neck cancer, often associated with anatomic and physiologic changes in the oral and pharyngeal cavities due to surgical, radiation, and/or chemoradiation treatments. [1] [2] [3] [4] The incidence of posttreatment dysphagia in these patients has previously been reported as falling between approximately 50% and 60%. [5] [6] [7] [8] [9] It has been suggested, though, that dysphagia and rates of aspiration are often underreported because physicians, the common source of referral for swallowing function assessment services, may underestimate or misidentify severity and refer only overtly symptomatic patients. 7, [9] [10] [11] It has also been estimated that 30% to 50% of patients with head and neck cancer demonstrate some degree of malnutrition. 12 The combination of dysphagia with poor nutrition, significant weight loss, and impaired immune function often results in cachexia (full-body wasting and muscle atrophy), fatigue, high susceptibility to infection, poor wound healing, or death. 12, 13 Regardless of the shift toward organ-sparing, nonsurgical treatment to preserve function in patients with head and neck cancer, all current modalities can result in swallowing problems, along with aspiration and aspiration pneumonia. 14 Surgical resection can damage the muscles most critical to swallowing, including the intrinsic and extrinsic muscles of the tongue and larynx, which can lead to dysphagia. 4, 15 Radiation and chemotherapy often cause mucositis, neuromuscular fibrosis, and lymphedema changes in the mucosa and muscle tissues and can alter the coordination and flexibility of the swallowing process. 1, 4, 16 These swallowing difficulties can be further exacerbated by the secondary consequences of prolonged NPO ([L.] nil per os or ''nothing by mouth'') status, which is a common sequela among patients with head and neck cancer. Prolonged NPO status is directly correlated with worse swallowing outcomes and increased risk for dysphagia. 7, 17 Atrophy of pharyngeal and tongue-base musculature and increased pharyngeal fibrosis with overall deconditioning can result both from general nonuse of swallowing musculature and from a marked decrease in patient swallows (volitional or spontaneous). 3, 7 The biopsychosocial ramifications of dysphagia are widespread. Dysphagia can directly result in decreased eating, malnutrition, and weight loss, and the necessity for prolonged enteral feeding, all of which are associated with decreased survival. [18] [19] [20] Swallowing problems can also result in decreased social participation and increased anxiety, social isolation, and depression, which in turn can lead to decreased quality of life. 9 One goal of head and neck cancer research is to identify factors predictive of survival, which can lead to more effective treatment decisions and more accurate prognosis. Although tumor stage and site are well-known predictors of survival in patients with head and neck cancer, 18, 21 nutritionally related variables also appear to have potent prognostic implications. Weight loss has been shown to be one of the strongest independent predictors of survival, more powerful than stage or site. 18 Patients with continued oral intake, in the presence of a gastrostomy tube, were more likely to maintain their weight and have higher survival rates compared with patients who had no continued oral intake. 19 Domains specifically related to health-related quality of life, including eating, were also positively associated with survival. 20 The extent of the correlation between dysphagia and survival, however, remains unclear.
The purpose of this study was to determine the risk factors for developing dysphagia in patients with head and neck cancer and to examine whether the severity of dysphagia was associated with survival. A retrospective design was used to merge existing cancer registry and billing data with ratings provided by speech-language pathologists that quantified the severity of swallowing problems in patients with documented dysphagia.
MATERIALS AND METHODS
Study Sample. With the approval of the University of Iowa Investigational Review Board, records of patients diagnosed with a primary carcinoma of the upper aerodigestive tract between January of 2001 and April of 2003 were extracted from this institution's cancer registry database. Appropriate cases were identified based on anatomic site (ICD-O-2 codes C00.0-14.8, 30.0, 31.0-31.9, and 32.0-32.9 representing the lip, oral cavity, pharynx, larynx, and salivary glands) and histologic type (ICD-O-2 codes M801-867, 894 representing carcinomas). Information about these patients' demographic, disease, and treatment characteristics as well as their survival was included in the data downloaded from the cancer registry.
Billing data were then used to identify which of these patients had a diagnostic code representing dysphagia (ICD-9 codes 787.2x) or a procedural code representing a swallowing evaluation (CPT codes 92610, 92611, and 92612). 22, 23 Severity of dysphagia was quantified using the Swallowing Performance Scale (SPS) 24 ratings, ranging from 1 to 7 in accord with criteria shown in Table 1 . For patients who had multiple evaluations resulting in more than 1 SPS rating, the rating representing the most severe dysphagia was used.
Charts were audited to ensure that patients' dysphagia was associated with their malignancy. As illustrated later in Appendix A, the original 427 cases of head and neck cancer were reduced to 407 based on the elimination of duplicate records and records with questionable coding data.
SPS ratings were then assigned, when possible, to the 192 patients with documented dysphagia. For 132 patients who received an instrumental swallowing evaluation at this institution, SPS ratings were extracted from the reports describing their oropharyngeal motility study (OPMS) or fiber-optic endoscopic evaluation of swallowing (FEES) procedures. SPS rating could be retrospectively assigned to 22 of the remaining 60 patients who had dysphagia but no record of an instrumental swallowing evaluation. Seventeen of these 22 patients had bedside or clinical swallow evaluations, and the findings from these evaluations as well as subsequent clinical follow-ups about dietary changes and gastrostomy tube placement were used to assign an SPS rating. Of the 43 patients who had an ICD-9 code of dysphagia but no swallowing evaluation, 5 patients could be assigned ratings based on clinical follow-up notes, which denoted a functionally normal swallow (SPS ¼ 2, n ¼ 1) or PEG tube dependence resulting from swallowing difficulties (SPS ¼ 7, n ¼ 4). The remaining 38 patients with a verified diagnosis of dysphagia based on ICD-9 codes but insufficient information to retrospectively assign an SPS rating were excluded from any analysis involving severity of swallowing.
Data Analysis. Severity of dysphagia was categorized into 4 groups for the majority of the analyses. The ''no known dysphagia'' group represented patients who had neither a dysphagia ICD-9 code nor a swallowing evaluation and were therefore assumed to have normal swallowing function (equivalent to SPS ¼ 1; n ¼ 215), or whose swallowing function was considered within functional limits (SPS ¼ 2; n ¼ 5). The remaining 3 groups of patients with an SPS rat-ing representing abnormal swallowing function were grouped to differentiate those with dysphagia, but no evidence of aspiration (SPS ¼ 3-4; n ¼ 47), those with dysphagia including evidence of mild or inconsistent aspiration (SPS ¼ 5-6; n ¼ 37), and those with dysphagia including severe, consistent aspiration, and/or inadequate oropharyngeal transit to the esophagus warranting NPO status (SPS ¼ 7; n ¼ 65). The ''unknown severity'' group represents patients with a dysphagia ICD-9 code but no swallowing evaluation or other information to assign an SPS rating retrospectively (n ¼ 38). For the analyses of associations of patient, disease, and treatment characteristics with dysphagia, these groups were further collapsed into absence/presence of aspiration (SPS 1-4 vs 5-7) and absence/presence of dysphagia (SPS 1-2 vs 3-7). American Joint Committee on Cancer (AJCC) stage represented pathologic stage, if available, or clinical stage when pathologic stage was not applicable or was not known. Stage was combined into early (0-II) and advanced (III-IV) groups for certain analyses.
Statistical analyses (using SPSS version 17.0; SPSS, Chicago, IL) included linear regression analyses to determine which patient, disease, and treatment characteristics were independently associated with dysphagia. Actuarial survival analyses were performed on all 407 patients to determine differences in observed rates (death from all causes) for selected demographic and disease characteristics.
Observed survival was chosen because the intent of this study was to determine the relationship between severity of dysphagia and death from all causes. Death, whether attributable to the cancer, sequelae from its management, or other comorbid conditions, is an outcome that it is hoped could be avoided with appropriate clinical intervention for swallowingrelated problems. In these univariate analyses, the Wilcox statistic was used to determine statistically significant associations that age, sex, stage, site, histologic type, treatment modality, and severity of dysphagia had with survival. Variables with a value of p < .1 were included in a Cox regression analysis to determine the independent effect that severity of dysphagia had on survival when other predictors were taken into consideration.
RESULTS
The mean age of the 407 patients in this study was 58.9 years, 67.3% were male, and 60.7% presented with advanced-stage disease ( Table 2) . Of these 407, 220 were classified as having no known dysphagia, including 215 who had no dysphagia code or swallowing evaluation and 5 who had an SPS rating of 2 (''functionally normal'') based on medical information. The incidence rate of dysphagia was therefore 45.9%, with 187 of the 407 patients identified as having a speech-language pathology evaluation that demonstrated impaired swallowing function or a dysphagia ICD-9 code that was confirmed in the chart review process. The majority of the swallowing evaluations (85.1%) were performed within the first year following diagnosis of the cancer, whereas 8.1% were within the second year after diagnosis and 8.5% within 3 to 5 years after diagnosis. The results shown in Table 2 indicated that a higher percentage of patients who were female, had hypopharyngeal tumors, had squamous cell carcinomas (SCCs), presented with advanced-stage disease, or were treated with radiation therapy tended to have worse swallowing function, as reflected in an SPS rating of 5 or greater. Table 3 shows the results of linear regression analyses performed to determine which of these patient, disease, and treatment characteristics were significant independent predictors of the presence of dysphagia, the presence of aspiration, and the severity of dysphagia. Female sex, advanced stage, and radiation therapy were independently associated with all 3 swallowing-related problems, whereas SCCs were independently associated with the presence and severity of dysphagia but not with aspiration. Although site was associated in the univariate analyses, it was not an independent predictor of these swallowing-related problems once other disease factors were taken into consideration.
Observed survival rates for the 369 patients with known severity of dysphagia indicated significant Observed survival by severity of dysphagia (SPS rating) for patients with head and neck cancer whose level of severity was known (N ¼ 369). This analysis excludes the 38 patients who were known to have dysphagia but whose severity of dysphagia was unknown. Pairwise comparisons indicated that the SPS 7 (''severe'') group had a significantly lower rate than that of the no-known-dysphagia (p ¼ .001), SPS 3-4 (p ¼ .005), and SPS 5-6 (p ¼ .001) groups. None of the other pairs was significantly different from each other.
differences based on dysphagia severity (p ¼ .001) (see Figure 1 ). Pairwise comparisons demonstrated that patients with an SPS rating of 7, the most severe dysphagia requiring NPO status, were responsible for this significant difference. The 35.4% 5-year rate for these patients was significantly lower than that for the other 3 groups composed of patients with no known dysphagia (62.3%; p ¼ .001), patients with a mild-moderate dysphagia rating of 3-4 (61.7%; p ¼ .005), and patients with a moderate-severe dysphagia rating of 5-6 representing aspiration (67.6%; p ¼ .001). None of the latter 3 groups was significantly different from each other. Additional survival analyses were performed to examine observed survival rates as a function of age, sex, stage, anatomic site, histologic type, and treatment modality, variables known to be associated with survival and the development of dysphagia ( Table 4 ). The analyses were performed on the 369 patients with known severity of dysphagia, reflecting the group to be used in the multivariate analysis. The results indicated that worse survival rates were significantly associated with older age, advanced-stage disease, tumors originating in the hypopharynx and oral cavity, histologic types other than adenocarci-noma, and the receipt of radiation therapy. Sex and the receipt of surgery were not significantly associated with survival.
Variables that were significantly associated with survival in the univariate analyses (Table 4) were included in the Cox regression analyses (Table 5) to determine whether severity of dysphagia remained an independent predictor of survival when other confounders were taken into account. The values for each variable in the model that were significantly associated with survival (p < .05) have a coefficient representing their increased risk of dying relative to the value of that variable (labeled ''baseline'') that had the highest survival rate.
The multivariate analysis performed on patients with known severity of dysphagia, which included those with no known dysphagia, indicated that dysphagia severity was an independent predictor in addition to age, site, and the receipt of radiation therapy ( Table 5 , second and third columns). Patients with an SPS rating of 7, representing severe dysphagia requiring NPO status, were 3.4 times more likely to die than patients with no known dysphagia. For site, the increased risk of death for hypopharyngeal and oral cavity tumors, relative to oropharyngeal tumors, was 3.1 and 1.9, respectively. For age, the 70þ age group was 2.9 times more likely and the 55 to 69 age group was 1.7 times more likely to die compared with the <55 age group. Finally, the receipt of radiation therapy had a 2.4 increased risk compared with treatments not involving radiation therapy. Although receipt of surgery was not associated with survival in the univariate analyses, a post hoc multivariate analysis was performed that included surgery in the model to verify that radiation therapy and not surgery was the significant predictor. Also, a post hoc multivariate analysis that omitted radiation therapy indicated that stage was a predictor of survival when treatment was not included in the model. The result of the multivariate analysis performed on patients with abnormal swallowing (SPS ratings 3-7) indicated that NPO status (with a 2.9 increased risk of death) and hypopharyngeal and oral cavity tumors (with 2.7 and 2.2 increased risks, respectively) were the only independent predictors of survival (Table 5, fourth and fifth columns). Age and radiation therapy were no longer associated with survival.
DISCUSSION
Despite current treatment protocols that are designed to spare normal tissue and preserve structure and function without sacrificing tumor control, dysphagia remains a prevalent and debilitating problem for many patients with head and neck cancer. In the present study, approximately 46% of patients had dysphagia before, during, or after their cancer treatments. Although this value is on the low end of the estimated range of 50% to 60% noted previously, 46% likely represents an underestimation of the incidence rate of patients with head and neck cancer who experience dysphagia. Although patients who did not have a formal diagnosis of dysphagia or a swallowing evaluation were assumed to have normal swallow function, it is likely that a small subset of these patients experienced swallowing difficulties. It is possible that a portion of these patients had some degree of dysphagia or aspiration, but were asymptomatic. Additionally, since the University of Iowa Hospitals and Clinics is a tertiary care center, some patients in the no-known-dysphagia group may have received dysphagia management services within their communities. The 46% therefore represents a conservative estimate reflecting health care providers' recognizing, perhaps evaluating, and definitely documenting these problems in the patients' medical notes.
The results of this study indicated that patients with early-stage disease and adenocarcinomas were significantly less likely to have swallowing problems, whereas females and patients receiving radiation therapy were significantly more likely to have swallowing problems. Because patients with advancedstage SCCs represent the vast majority of this patient population, these disease-related variables are not very useful in identifying individuals who are likely to have swallowing problems; however, patients who are receiving radiation therapy to manage their stage III and stage IV SCCs, especially females, should be targeted as individuals who are likely to benefit from swallowing-related preventative clinical interventions. It may be beneficial to obtain baseline measures of swallowing function and to integrate swallowing therapy into the standard protocol for radiation therapy by referring these patients to a speech-language pathologist before the initiation of cancer treatment. This proactive step for early intervention of high-risk individuals could enhance these patients' outcomes by promoting more aggressive treatment of swallowing difficulties. Also, that these swallowing evaluations were performed in a small percentage of patients up to 5 years after diagnosis illustrates how dysphagia can be a long-term problem for this patient population. This finding emphasizes the importance of monitoring for swallowing-related problems during follow-up visits, and making appropriate referrals when needed. The significant difference shown in observed survival as a function of dysphagia severity was attributed to patients with an SPS rating of 7 (NPO status), having substantially lower rates than those of all other patients. There was no apparent correlation between increasing severity of dysphagia and decreasing length of survival. Instead, the significant predictor of survival was the most severe level of dysphagia with frank aspiration and/or inadequate oropharyngeal transit to the esophagus that resulted in a recommendation of NPO status.
The similar survival rates among the patients who were not NPO (62% to 68% at 5 years) suggests that individuals with moderate to moderate-severe dysphagia (SPS 5-6), which includes mild or inconsistent aspiration requiring both dietary modifications and swallowing precautions, did remarkably well. Their survival did not appear to be negatively affected by their dysphagia. Although this study did not address the efficacy of swallowing therapy, dietary modification, or swallowing precautions in these patients, their impressive survival may have been attributed to more intensive swallowing therapy that they may have received to ensure safety during continuing oral intake despite the presence of aspiration.
The multivariate analyses performed in this study indicated that severe dysphagia remained a significant, independent predictor of survival, even when other factors shown to influence survival (age, stage, site, histologic type, and receipt of radiation therapy) were included in the model. Although age, site, and the receipt of radiation therapy were all significant, independent predictors of survival in a group of patients representing all swallowing function ratings (normal to severe), NPO status was the independent predictor with the largest increased risk of dying (3.4 times more likely). NPO status also had a high risk of dying (2.9 times more likely) as an independent predictor of survival in the group of patients with documented mild to severe dysphagia. Anatomic site, the only other significant predictor of survival in this patient group, had 2.7 and 2.2 increased risks of death for hypopharyngeal and oral cavity tumors, respectively.
The present study's findings about the association between NPO status and worse survival reflect those of Ames et al, 19 in which continued oral intake during gastrostomy tube placement in patients with head and neck cancer was associated with better survival. The study reported by Ames and colleagues, which was limited to patients with gastrostomy tubes during radiation therapy, found that continued oral intake was the only significant, independent predictor of survival, even when age and stage were taken into consideration. The present study, which included a broader spectrum of patients relative to swallow function and treatment modality, still demonstrated that severe dysphagia with no oral intake has significant implications for expected survival.
It is intuitive that patients with the worst disease and most aggressive treatment would also be the patients most likely to experience severe dysphagia as well as decreased survival rates. However, these findings suggest that nutritionally related variables represent a merging of various demographic, clinical, and treatment-related factors that definitely predict and likely influence patient outcomes. This fusing of influential factors into single variables provides potent prognostic information.
The prognostic information provided by dysphagia suggests that swallowing status should be incorporated into the decision-making process regarding the treatment and follow-up care of patients with head and neck cancer. Although site and stage of disease are primary factors when choosing the appropriate management of these patients, dysphagia at the time of diagnosis might be an important consideration when determining the aggressiveness of cancerdirected treatment. After treatment, severe dysphagia should be a strong indication that patients are faring poorly and that clinical intervention might improve their prognosis.
The association between dysphagia and survival and the frequent underestimation of the presence of dysphagia demonstrate the important role that a speech-language pathologist performs as a member of the multidisciplinary management team overseeing the care of this patient population. A speech-language pathologist can ensure routine diagnostic and therapeutic swallowing interventions while encouraging oral intake as long as possible.
Although these studies have shown that continued oral intake in certain conditions is associated with better survival and that NPO status is associated with worse survival, there is a paucity of information about the positive and negative consequences associated with encouraging or discouraging continued oral intake in patients with varying degrees of dysphagia. Aspiration pneumonia is a primary concern with continued oral intake in patients with swallowing problems, although the patients in this study who were able to maintain at least a partial oral diet, even in the presence of aspiration, did remarkably well. Also, making a patient NPO does not necessarily prevent aspiration pneumonia. Studies conducted in the aging population indicated that the presence of a feeding tube was a strong predictor for developing aspiration pneumonia, presumably arising from the aspiration of secretions. 25, 26 Additional risk factors for developing aspiration pneumonia that were noted in these studies included multiple comorbidities, number of medications, and smoking. 25, 26 Poor overall oral hygiene, decayed teeth, and xerostomia, especially in the presence of compromised host resistance, were associated with an increased concentration of bacteria in the mouth and increased risk of aspiration pneumonia. 27, 28 These data suggest that patients who are NPO would also benefit from clinical interventions that focus on good oral hygiene and the ability to manage their secretions more efficiently and effectively.
Retrospective methodologies, such as the present study's design, play an important role in providing initial evidence about various topics, especially in relatively small patient populations such as those with head and neck cancer. Retrospective designs are limited, however, by the accuracy and availability of previously recorded information. For example, the present study included 38 patients with dysphagia who had to be omitted from most analyses because the level of severity of their swallowing problems was unknown. Also, in a retrospective study, it is often difficult if not impossible to control for all possible biases that can influence the results' design.
The results of this retrospective study indicate that prospective studies are needed to determine if proactive swallowing therapy and strict oral hygiene regiments before, during, and after cancer treatment can counteract the negative impact of dysphagia, enhancing both quality and quantity of life potentially by encouraging patients to safely maintain and tolerate an oral diet as much as possible. Characteristics relating to disease status and demographics may allow for earlier identification and swallowing-related intervention of those patients at highest risk for poor survival, potentially improving long-term survival.
